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OPTICAL  MATERIALS  CHARACTERIZATION 


Abstract 

a  program  has  baan  establishad  for  Maturing  rafractiva  index,  n,  stress-optical  constants, 
,  change  of  index  with  temperature,  dn/dT,  the real  expansion  coefficient,  a,  and  elastic 
coeipliances,  a^,  of  infrared  laser  window  Materials.  These  parameters  are  necessary  for 
determining  the  optical  distortion  that  occurs  in  windows  due  to  heating  by  the  absorption  of 
high  power  laser  radiation,  n  and  dn/dT  are  measured  over  a  spectral  range  0.2  to  50  um  by  the 
method  of  minimus  deviation  on  precision  spectrometers.  <myman-Green  and  Fizeau  interferometers, 
which  operate  at  0.6328  um,  1.15  um,  and  10.6  um,  are  used  for  measuring  q^,  a,  dn/dT  and  s^. 
Materials  currently  under  study  ars  polycrystalline  ZnSe,  AS2S3  glass,  chalcogenide  glass 
(Ge  33%,  As  12%,  Sa  55%),  and  KCl.  Results  are  given  tor  n  and  dn/dT  in  KC1,  and  q^  and  s12  in 
ZnSe,  As2Sj  glass,  and  chalcogenida  glass. 
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OPTICAL  MATERIALS  CHARACTERIZATION 


1.  Technical  Report  Suanary 

1.1  Technical  Problem 

Windows  subjected  to  high  average  power  laser  radiation  will  undergo  optical  and 
mechanical  distortion  due  to  absorptive  heating.  If  the  distortion  becomes  sufficiently  severe 
the  windows  become  unusable.  Theoretical  calculations  of  optical  distortion  in  laser  windows 
depend  on  the  following  material  parameters:  absorption  coefficient,  refractive  index, 
change  of  index  with  temperature,  thermal  expansion  coefficient,  stress-optical  constants, 
elastic  compliances,  specific  heat,  thermal  conductivity  and  density.  Our  program  has 
been  established  to  measure  refractive  indices,  changes  of  index  with  temperature,  stress- 
optical  constants,  elastic  compliances,  and  thermal  expansion  coefficients  of  candidate 
infrared  laser  window  materials. 


1.2  General  Methodology 

Laboratory  experiments  are  conducted  for  measuring  refractive  indices,  changes 
of  index  with  teng>erature ,  stress-optical  constants,  elastic  compliances,  and  thermal  expansion 
coefficients. 


The  refractive  indices  of  prismatic  specimens  are  measured  on  precision  spectrometers 
by  using  the  method  of  minimum  deviation  {Section  2.2).  T*o  spectrometers  are  used.  One 
instrument,  which  uses  glass  optics,  is  used  for  measuring  refractive  indices  in  the  visible 
with  an  accuracy  of  several  parts  in  106.  The  other  instrument,  which  uses  mirror  optics, 
is  used  for  measuring  refractive  indices  in  the  ultraviolet  and  ti.e  infrared  to  an  accuracy 
of  several  parts  in  10s.  Using  both  spectrometers  we  can  measure  refractive  indices  over 
the  spectral  region  'J.2  urn  to  SO  urn. 

We  measure  the  coefficient  of  linear  thermal  expansion,  a,  by  a  method  of  Fizeau 
interferometry  [Section  2.3].  The  interferometer  consists  of  a  specially  prepared  specimen 
which  separates  two  flat  plates.  Interference  fringes  are  observed  due  to  reflections  from 
the  plate  surfaces  in  contact  with  the  specimen,  we  obtain  a  by  measuring  the  shift  of 
these  interference  fringes  as  a  function  of  temperature. 


The  change  of  refractive  index  with  temperature,  dn/dT,  is  measured  by  two  methods. 

In  the  first  method,  we  measure  the  refractive  index  with  the  precision  spectrometers  at 
two  temperatures,  20*C  and  30°C,  by  varying  the  temperature  of  the  laboratory  [Section  2.2.2]. 
This  provides  us  with  a  measure  of  dn/dT  at  room  temperature.  The  second  method  may  be 
used  for  measuring  dn/dT  up  to  a  temperature  of  800*C  [Section  2.3].  We  obtain  dn/dT  from 
from  a  knowledge  of  the  expansion  coefficient  and  by  measuring  the  shift  of  Fizeau  fringes 
in  a  heated  specimen  as  a  function  of  temperature.  The  Fizeau  fringes  are  due  to  interferences 
between  reflections  from  the  front  and  back  surfaces  of  the  specimen. 


Stress-optical  coefficients  and  elastic  compliances  are  measured  using  a 
combination  of  Twyman-Green  and  Fizeau  interferometers  [Section  2.4].  From  the  shift  of 
fringes  in  specimens  subjected  to  uniaxial  or  hydrostatic  compression,  we  obtain  the 
necessary  data  for  determining  all  the  stress-optical  coefficients  and  elastic  compliances. 


1.3  Technical  Results 

Measurements  of  refractive  index  have  been  made  on  a  crystal  of  KC1  from 
220  ran  to  14.3  um.  This  is  the  first  time  that  measurements  of  refractive  index  hava  been 
made  on  a  single  sample  of  KC1  over  this  wide  a  spectral  range  on  a  single  instrument. 

The  data  compared  favorably  with  earlier  compilations  of  refractive  index  [see  Section  2.2.1] 
The  refractive  index  measurements  were  made  at  20°C  and  30°C.  From  these  data  we  obtained 
dn/dT. [Section  2.2.2]. 


1 


1 


The  thermal  expansion  coefficient  of  poly crystalline  ZnSe  wee  measured  interfer- 
ometrically .  Data  obtained  at  Raytheon  using  a  dilatometar  was  in  agreement  with  our  data 
[Section  2.3). 

Techniques  were  developed  for  measuring  stress-optical  constants  q..  and  elastic 
compl  .inces  832  [Section  2.4].  The  teo.iniques  use  Twvman -Green and  Fizeau  interferometers 
operating  at  10.6  um,  1.15  urn,  and  0.6328  um.  We  have  measured  the  stress-optical  constants 
of  AS2S3  glass  at  10.6  um,  1.15  um,  and  0.6328  um,  of  a  chalcogenide  glass  (33t  Ge,  12*  As, 

55*  Se)  at  1.15  um  and  0.632S  um,  and  of  polycrystalline  ZnSe  at  1.15  um  and  0.6328  um. 

In  ZnSe  we  have  measured  the  stress-induced  birefringence  at  10.6  um  as  well.  We  have  also 
measured  S32  in  A82S3  glass,  the  chalcogenide  glass,  and  polycrystalline  ZnSe.  In  AS2S3 
glass  and  the  chalcogenide  glass,  the  values  of  S32  agreed  with  the  values  obtained  by  other 
workers.  We  have  been  unable  to  find  measurements  of  832  in  polycrystalline  ZnSe  by  othir 
workers . 

1.4  Department  of  Defense  Implications 

The  Department  of  Defense  is  currently  constructing  high-power  infrared  laser  systems. 
Criteria  are  needed  for  determining  the  suitability  of  different  materials  for  use  as  windows 
in  these  systems.  The  measurements  we  are  performing  provide  data  that  laser  system  designers 
can  use  for  determining  the  optical  performance  of  candidate  window  materials. 

1.5  Implications  for  Further  Research 

Measurements  of  refractive  index,  change  of  index  with  temperature,  thermal  expansion, 
stress-optical  coefficients,  and  elastic  compliances  will  be  continued  on  candidate  laser 
window  materials.  More  specifically,  we  plan  measurements  on  polycrystalline  KC1, reactive 
atmosphere  process  (RAP)  grown  KC1,  doped  KC1,  polycrystalline  ZnSe,  and  other  materials  supplied 
by  manufacturers  under  contract  to  the  Advanced  Research  Projects  Agency  and  other  Department 
of  Defense  agencies.  An  important  preliminary  to  the  actual  measurements  will  be  the  preparation 
of  test  specimens.  This  will  require  cutting,  grinding,  and  polishing  of  samples. 

The  measurement  of  stress-optical  coefficients  in  materials  that  possess  very  small 
stress-optical  coefficients,  or  in  materials  that  connot  withstand  large  stresses,  requires 
a  very  sensitive  interferometric  technique.  Such  an  interferometer  is  currently  under  develop¬ 
ment. 


2.  Technical  Report 
2.1  Introduction 


Laser  systems  of  high  average  power  are  currently  under  development.  As  the  output  power 
increases,  the  optical  components  in  these  systems  undergo  optical  and  mechanical  distortion  due 
to  absorptive  heating.  If  the  distortion  is  sufficiently  severe,  the  optical  elements  become 
unusable.  The  parameters  necessary  for  determining  this  optical  distortion  [1,2] 1  are  absorption 
coefficient,  refractive  index,  change  of  index  with  temperature,  thermal  expansion  coefficient, 
stress-optical  coefficients,  elastic  compliances,  specific  heat,  thermal  conductivity,  and  density. 

The  temperature  change  that  occurs  in  a  laser  window  due  to  absorptive  heating  will  produce 
three  effects:  (1)  an  expansion,  (2)  a  direct  change  of  refractive  index,  and  (3)  a  system  of 
internal  stresses  due  to  thermal  gradients,  which  changes  the  refractive  index  through  the  stress- 
optical  effect. 

Although  some  information  is  available  [3,4]  on  thermal  expansion  and  change  of  index  with 
temperature  of  laser  window  materials,  there  is  very  little  data  on  the  stress-optical  effect  [5], 
In  the  past  stress-optical  coefficients  have  been  measured  in  the  visible  region  of  the  spectrum 


figures  in  brackets  indicate  the  literature  references  at  the  end  of  this  paper. 
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:  n^  r  rnCe  meth0de  I6'71  •  *  have  nOW  co"«ructed  TVyman-Green  and  Fizeau  interferometers 

IZ  Be,,ure**"t*  at  la5  ^  10-6  um  «  well  ae  at  0.6328  „m.  This  is  the  first 

S£L "  ‘T'*  b6e:  fed  f°r  measuring  stress-optical  coefficients  in  the  infrared. 

?rB  fr®  41,0  ui,ful  for  mea8uring  thermal  expansion,  change  o'  index  with 
temperature,  and  elastic  compliance  coefficiente. 


with  te^  r^r/^rrh  mti)°,Aa  used  for  measuring  refractive  index,  n,  change  of  index 
aM  ^  '  Une4r  thermal  expansion. coefficient,  a,  * ress-optical  coefficients,  q.  . 

glass  (S  33%^  ?1#°  r*P°It  °n  reeulta  Stained  on  As2S3  glass,  a  chalcogcnid*3 

glass  (Ce  33%,  As  12%,  Se  55%),  polycry italline  2nSe,  and  single  crystal  KC1. 

The  g!liuvUdi/^ai,Uro^n^Jf  "  d"/dT  by  USi"g  precisio"  refractometry  methods  in  Section  2.2. 
are  reported  for  KC1  obtained  near  roon’  temperature  by  measuring  n  at  20°C  and  at  30 *C.  Results 

of  2,3  dieCU8S  ***•  ««asurement  of  thermal  expansion  and  dn/dT  up  to  a  temperature 

of  000  C.  These  measurements  involve  the  use  of  Fizeau  fringes. 

In  isitroDi^tir?.?!  d^,CUS*  **“  m**surement  of  stress-optical  coefficients  and  elastic  compliances. 
ioeJfl^nif  !!  tbere  are  tv°  independent  elastic  constants  and  two  independent  stress-optical 

uniaxi»i*and'hvdro*taM°^  and  Fizeau  interferometers  in  conjunction  with  samples  under 

uniaxial  and  hydrostatic  compression  supplies  us  with  sufficient  data  for  obtaining  all  the  constants. 

glass^Md^yc^etniinrZnSe^6  r**UU'  °'  BCa8Uring  qij  and  812  on  the  chalcogenide  glass,  As2S3 


2.2 


Refractive  Index  and  Change  of  index  with  Temperature 


lasers"  W2nd°V'  “nd  auxiliary  optical  component  materials  for  high-power 

i  OaoM  °f  '  n°8t  promisin5  candidates.  It  has  useful  transparency  from 

both  the  ultraviolet  “d  i^*  *’**'**"  °*45  14  ^  ‘  Thi8  C°VCrB  WlndOW  utilizat*°"  in 

2.2.1  Index  Data 


10  x  10*^  aniS^r*  lr°m^  commercially  grown  crystal  wae  used  in  this  study.  The  prism  faces  are 

cL«  c.rm!nL»  dlvf^M  9  6°*'  ^  refraCtive  ind«  was  measured  by  means  of  the 

sho”  in  fWeT.  W  tb  tW°  Preci8i°n  spectrometers.  The  spectrometer  schematic 

Darts  il  designed  for  visible  region  refractometry  and  is  capable  of  accuracy  of  several 

non -visible  in  lb  empl°yS  mirr°r  op4cs  and  is  used  in  the 

ZZZ  ep*ctral  regions  It  is  capable  of  accuracy  of  several  parts  in  105.  Both  instruments 

publications*^^. hl5h*PreCi"i0n  r6fractlve  ind*x  "easurements  have  been  described  in  previous 

i»n„tK!f*#Ctin*,inde>'J**a*Ure,,,ent8  ""  made  at  controlled  room  temperatures  near  20'C  at  60  wave- 

ofH,0  dSSSLm  •®urc?ebf  Cd*  He-  and  Zn,  and  from  calibrated  absorption  bands 

?» ”r‘“ of  ““bt",,!  “**<> 

figure^*  “K^SlrtivT  ind*X  T"**  “  2°’C  *C1  4re  represe^ed  by  the  solid  curve  in 

9  ,,  rerractive  index  decreases  from  a  value  of  1.6360  at  0.224  um  to  1  4374  at  14  l  „„ 

over-all  change  of  2  x  W*.  At  10.6  um  the  value  of  the  refractive  index  Ts“.4542  at  20^ 

evaluI^dr™fSti3eii^Ln*22rr#n^  Pr0graB  iS  6Upplemented  *ith  a  compilation  of  critically 

D^bli2h!d  2!n!  !  2  ?  U  *y  l48er  materials-  A  literature  search  has  turned  up  fourteen 

Z01lZ  STS  i2reWiS“  r  2*htiVe  in?8X  0f  KC1-  The  data  COVCr  the  wavelength  range  from 
to  nol  th!  !  °^tain*d  by  a  v«ticty  of  experimental  techniques.  It  is  interesting 

wer^made^'in  iwl  m?}™8  t0  laS6r  de  the  *»t  accurate  measurements 

thi  .iS™  **  1111 '  and  1927  151  •  The  cry”als  measured  were  natural  salt,  and 

Wi2h  ^  83mPle  ln  PriSm  f0rm-  The  excellent  agreement 
antaverage#value*of  2  l  10^.  *  ^  ^  ^  NBS  ValUeS  are  ^  bV 
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Figure  1.  (a)  Schematic  of  spectrometer  used  for  visible-region 

refractometry .  A.  source:  B.  divided  circle;  C.  prism  table;  D.  collimator; 
E.  telescope,  (b)  Schematic  of  spectrometer  used  for  nonvidible-region 
refractometry.  A.  source;  B.  divided  circle;  C.  prism  table;  F.  colli¬ 
mating  mirror  (fixed);  G,  movable  mirror;  H.  detector. 
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2.2.2  Thermal  Coefficient  of  index 


Refractive  index  measurements  i  ^  \  were  reor  ifed  .  , 

temperature  near  30*C  The  ‘  p  *  22  selected  wavelengths  at  a  controlled  room 

coefficient  of  index  'dn/£  Sl  ltZ  ValU68  f  2°  C  *"d  30*C  U8ad  t0  calculate  the  thermal 

varies  from  -2.1 * 10^  T  Tr.-S*'?-?  *h0Wn  in  figure  3'  value  of  dn/dT 

about  -3.0  x  10"5  K*1  in  the  infrared  hr  ,*  K  at  14.3  urn;  dn/dT  remains  relatively  constant  at 

that  the  variation  in  nde^  w  tt  tlmoe^t^,.  6;?  ^  faCt  that  dn/dT  is  ne^tive  indictes 

crystal.  At  the  extremes  ?  T  esBe"tially  due  to  the  change  in  density  of  the 

o/the  ultravioletXandn'infrar:deabsorption^:dges*totlonger^wavelengths .  °^  "  «  «  ■“* 

values or "a'mean'temperature^f ^33‘c*"^  1131  “*  in  3  comparison.  Cyulai's 

been  observed  in  halide^rystalf  tha/th^Hb  Tt  4re  generally  hi9h*r  than  those  of  NBS .  it  has 

crystals  that  the  absolute  value  of  dn/dT  increases  with  increasing  temperature. 

2,3  — emal  E*Pan«l°n  and  Change  in  Refractive  Index  with  Temperature 

visible  pet-,  oi  tb,  .pectni  ~“£  ££  ^iSSS-gT  'r1"’"  ‘Wl’  “ 

on  the^lefthls^obteined  betwwnMi]  to^eild  7,VUlbl!  “  *h°wn  in  figure  4.  Tbe  set  of  fringes 
and  is  calibrated  in  termt  of  r^  ?P  V™  SUrface8  °f  ths  lower  fused  silica  plate,  T, 

center  sec  of  fringes  is  obtain^d^r  ^  *!  that  th*  fringes  serve  as  an  optical  thermometer.  The 

is  used  to  1  ”t  c^nge  Jn^ct  v6  f°S  "*  ^tt0m  8Ur'aCeS  °f  the  index  8amP^  R'  ™d 

lower  plate  so  that  no  fril  e'  a  ^  f  Beneath  this  sample  is  a  frosted  area  on  the 

the  slight  wedge  introduced  between  n,.'  *  th?  interface-  The  third  set  of  fringes  is  formed  by 

are  separated  by  the  expansion  samde  k  ?**'  E'  and  the  l0"6*  plate,  T,  when  these  fringes 

These  fringes  are  used  to  obtain  th  tv,  '  ^ich  **  ?Ut  fr°m  ^  8ame  material  aa  the  index  sample,  R. 
furnace  and  th^ “hi  ts  n  tL  hre^  .e^^  fH^"  °n-  **  18  heated  by  a  V»tical 

oi  35  nun  film  a.  a  functL  of  tem^r.t^  9  ’  “*  leC°rded  almulta-ou- Hy  on  a  single  strip 

— by  th*  *"pi*  *•  *•  *«•«. «.  i. 


dn 

dT 

We  calculate  the  change  of  refractive  index 
that  pass  a  point  of  reference  and  from  the 
sample  [15]. 


X  AN  ndt 

2t  AT  "  dT  •  (2) 

as  a  function  of  temperature  from  the  number  of  fringes 
change  of  thickness  obtained  from  the  thermal  expansion 


Using  a  modification  of  the  above  method, 
infrared. 


we  intend  to  extend  the  measurement  oi  dn/dT  to  the 


obi.iis:?c^ 

2,4  £?£a8uremcnt  of  Stress-Optical  Coefficients  and  Elastic  . . 


Data 

7.9  x  10”6/k. 


well  under«^anCc  °f  m?T:ing  a11  the  8 tress-optical  coefficients  in  the  infrared  i 
However  rhes  dar  ®Veral  lab°ratories  have  been  measuring  stress-induced  birefringem 
However,  these  data  are  not  sufficient  for  determining  the  optical  wavefront  distort"! 


not  always 
at  10,6  urn. 
due  to  thermal 
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POTASSIUM  CHLORIDE 
TEMPERATURE  COEFFICIENT 


Figure  4.  Interferometer  assembly  for  the  measurement  of  thermal 
expansion  and  thermal  change  in  refractive  index.  E.  an  interferometer  [late; 
S.  thermal  expansion  specimen;  R.  refractive  index  specimen;  T.  inter- 
ferer.i-e  thermometer;  ME,  MR,  and  Mp,  reference  lines  for  the  interference 
frinqes  of  thermal  expansion,  refractive  index  change  and  temperature 
change.  "8" 


atres.es,  becatse  they  measure  only  the  relative  stress-optical  coefficients  f(qn  -  q.,)  and  qLL  for 
cubic  materials).  We  know  of  only  one  paper  which  presents  measurements  of  qn  and  q13  separately  at 
10.6  urn  15),  and  these  measurements,  which  were  done  on  Ge,  did  not  give  the  sign  of  the  coefficients. 

’’il  and  q|2«  in  combi  lation  with  the  elastic  constants,  are  necessary  for  calculating  the  optical 
distortion  due  to  stresses  from  thermal  gradients  in  optical  materials  [1,2).  Index  change  iut  to 
these  stresses  can  be  even  greater  than  changes  in  index  due  to  a  rise  in  temperature.  For  example, 
in  a  material  tailored  to  have  dn/dT  ••  0,  the  changes  of  index  will  be  due  solely  to  the  stress- 
optical  effect. 


2.4.1  Apparatus 


Conventional  Twyman-Green  interferometers  are  used 
.6328  and  1.15  urn  uses  helium-reon  lasers  as  sources, 
vidicon  camera. 


f  16 ) .  The  Twyman-Green  interferometer  at 
The  fringes  are  observed  with  a  silicon  matrix 


The  Twyman-Green  interferometer  at  10.6  urn  uses  a  C02  laser  source,  a  germanium  beam  expander, 
and  a  germanium  beam  splitter.  The  fringes  are  viewed  either  on  a  liquid  crystal  detector  or  on  a 
commercial  thermal  image  plate. 


For  uniaxial  loading,  the  specimen,  in  the  form  of  a  rectangular  parallelepiped  is  compressed  in 
a  rectangular  framj  screw  clamp  equipped  with  a  calibrated  load  cell  and  a  digital  readout  voltmeter. 
A  photograph  of  the  stressing  apparatus  with  the  voltmeter  is  shown  in  figure  5. 


2.4.2  Experimental  Procedure 


“""P1®  i*  placed  within  one  arm  of  the  Twyman-Green  interferometer.  The  fringe  shift  per  unit 
,trM'  J'  measured  for  stress  parallel  to  the  polarization  of  the  radiation,  AN,/AP,  and 
for  stress  perpendicular  to  the  polarization  of  the  radiation,  AN2/AP. 

it8elf'  function®  «•  «  interferometer  if  the  faces  are  properly  polished, 

terference  fringes  are  obtained  from  reflections  from  the  sample  surfaces.  The  fringe  shifts 
obtained  for  stresses  parallel  and  perpendicular  to  the  polarization  of  the  radiation  are,  respectively, 


For  an  isotropic  material  we  obtain 
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(3) 

(4) 

(5) 


The  ex^Hmentii‘1XP*rimental  dat\.can  **  obtained  by  measuring  the  stress-induced  birefringence. 

.'  *  rlB'*nt*1  arrangement  is  shown  in  figure  6.  The  stress  is  applied  45'  with  respect  to  the 

load  arali^t^h  ‘  analyler  is  °riented  parallel  to  the  incident  polarization.  The  uniaxial 

effLtiviir « increased  «*tinction  is  obtained.  The  loaded  specimen  then  acts 

the  l^d  is  that  ihJrraVeP!  '0n8id<srin*  the  double  passage  of  the  light  through  the  specimen, 

stress-opuc  cLm^nt  ’  Pa8S  ^  retard8tio"  in  W-  The  relative 


Ml 


-  q 


12 


X/(2n3Pt) , 


(6) 


Ih  ~  ,5»2  from  the  nwasurement  of  birefringence  is  more  precise  than  the  value  of  q, . 

obtained  from  eqs  (4)  and  (5).  Thus,  we  calculate  q„  and  q,2  from  the  sum  q. .  ♦  q.  „  obtained  bi 

f r inqenc^calculated differanca  <*11  "  *12  <6>  .  This  assures  us  that  the  bire¬ 

fringence  calculated  from  the  numerical  values  of  q,,  and  q,2  equals  the  measured  va  ue. 


*12 
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Fiqure  5.  Str 
voltmeter  readout 


load  ce1 


and  digital 


Equation  (3)  gives  the  value  for  s.  In  order  to  obtain  Sj , ,  we  use  a  method  similar  to  the 
method  for  measuring  dn/dT.  The  sample 'which  acts  as  a  Fizeau  interferometer  is  cosipressed  in  a 
pressure  vessel.  Figure  7  shows  the  pressure  vessel.  Hydrostatic  pressure  is  generated  by  compressing 
a  fluid.  From  the  shift  in  fringes  per  unit  pressure,  AN/AP,  we  obtain  for  an  isotropic  materia 


*11 


+  2s 


12 


1  AN  n^_ 
2nt  AP  "  2 


(q,! 


+  2q12). 


(7) 


Using  s | 2  obtained  from  eq  (3)  together  with  eq  (7),  we  can  solve  for  Sjj. 

The  procedures  described  in  this  section  are  for  measuring  stress-optical  constants  and  elastic 
constants  of  isotropic  materials.  These  constants  can  be  measured  with  the  same  procedures  on 
crystalline  materials.  Because  stresses  must  be  applied  along  several  crystallographic  axes,  more 
samples  are  required  for  measurements  on  crys  alline  materials  than  for  measurements  on  isotropic 
materials. 


2.4.3  Results 

Measurements  of  absolute  and  relative  stress-optical  coefficients  have  been  made  on  chalcogenide 
glass,  *s2S3  glass,  and  polycrystalline  ZnSe.  The  results  are  given  in  Table  1.  The  data  for  As2S3 
are  presented  for  three  wavelengths,  0.6328  um.  1.15  urn,  and  10.6  um.  Data  for  the  same  wavelengths 
are  presented  for  polycrystalline  ZnSe  although  absolute  values  are  lacking  at  10.6  um.  We  have 
assumed  the  ZnSe  to  be  an  isotropic  material.  Data  for  the  chalcogenide  glass  are  presented  at  the 
infrared  wavelengths. 


Table  1.  Stress-optical  constants,  qu  and  q12,  »nd  elastic  compliance,  s12,  in  units  of  10  1  m  /N. 


a 

n 

b 

<*11 

b 

*12 

b 

^12-311 

b 

S12 

AS2Sj 

-  18.6,  - 

18. 8C 

0.6328  um 

2.606 

7.63 

6.36 

-  1.27 

1.15  um 

2.452 

7.64 

6.54 

-  1.10 

)0.6  um 

2.354 

8.23 

6.95 

-  1.28 

Chalcogenide  Glass 
(Ge  33%,  As  12%,  Se  55%) 

-  12.0,  - 

12. 2d,  -  11.5* 

1.15  um 

2.5704 

5.32 

4.89 

-  0.43 

10.6  um 

2.4919 

5.42 

4.94 

-  0.48 

Polycrystalline  ZnSe 

-  4.0 

0.6328  um 

2.578 

-  1.34 

0.29 

1.62 

1.15  um 

2.465 

-  1.37 

0.62 

1.98 

10.6  um 

2.408 

1.96 

“These  values  were  not  measured  in  this  work,  but  are  given  because  they  were  used  to  calculate  the  q^. 
The  values  for  ZnSe  are  from  single  crystal  data. 

^Estimated  accuracy  of  numbers  from  this  work  is  ±  2%. 

CF.  W.  Glaze,  D.  H.  Blackburn,  J.  S.  Osmalov,  D.  Hubbard,  and  Mason  H.  Black,  J.  Res.  Natl.  Bur.  Std. 

59,  83-92  (1957). 

^Ray  Hilton,  private  coasminication  —  value  for  Texas  Instruments. 
eRay  Hilton,  private  communication  —  value  for  Bell  Laboratories. 
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Figure  7.  Pressure  vessel. 


The  birefringence  of  the  above  infrared 
The  qM  is  greater  than  the  qu  of  roost 
than  the  q12  of  roost  optical  glasses  by 


glasses  is  of  opposite  sign  to  roost  optical  glasses  [17) . 
optical  glasses  by  a  factor  of  ten,  and  q._  is  greater 
a  factor  of  three  [18] . 


Znse  will  d  rM»  un^  ^  tha  data'  we  that  the  refractive  index  of  the 

crystal  ZnS  U9?  *  Pr-Murs.  ,Thi8  ^havior  has  been  observed  previously  in  single 

r£e  Si"ce  dn/dT  for  ^  18  Positive  [20],  it  would  be  of  interest  to  observe  whether 

t  e  same  i_  true  for  ZnSe.  In  addition,  for  ZnSe  there  is  a  large  dispersion  in  q12. 

Also  included  in  Table  1  are  the  values  we  have  obtained  for  s-». 
of  other  workers  is  very  good. 


Agreeaent  with  the  values 


2.5  Summary 


Standards^Thfo^-rM6  °'  °PtlCal  Mterials  characterization  at  the  National  Bureau  of 

h  properties  that  we  are  roeasuring  are  refractive  index,  change  of  i,.-»ex  with  temperature 

invest IHnT'  8tr?8r°PtiCal  coefficifents-  and  elastic  constants.  At  Ihe  prese.  t  tiroe.  pr^ 
interest  is  in  laser  window  materials  at  10.6  u».  Data  have  been  prerented  on  chalco.  enlde  glas^ 

lasfr'wi^yCryS^  ZnS°'  and  cry8talline  *«•  Measurenents  on  these  materials  and  on  -ther  infrared 

for  roeaiur^o’"t^erlr  ““  ^  Pf°qres8-  In  addition,  we  are  developing  more  sensitive  tech,  ques 

for  roeasuring  the  = tress -optical  coefficients  in  materials  that  exhibit  a  small  stress -optica?  .iect. 

similarSto1?hL«ewf  fXiStS  f°r  epical  materials  characterization  in  the  ultraviolet.  Technioues 
arise  h  used  ln  the  infrared  can  be  employed  in  the  ultraviolet  should  the  need 
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